Our aim is to demonstrate how agent-based motivation models can play a role in the process of policy making and implementation. In this paper, we describe how the motivation models support the description of desirable outcomes and help to develop relevant high-level goals in policy making in particularly complex areas. We give two example domains where we have developed agent-based models. The first is data management policy for university researchers. The second one focuses on sustainable households, and how to provide relevant guidance for educating people and helping them to understand how to behave in a more environmentally friendly manner. Our two examples demonstrate that the agent-based models are able to help to come up with shared quality goals and identifying the right stakeholders in these two multifaceted and abstract domains. We aim to enable people involved in policy making to focus on and understand the relevant goals, quality goals and activities in order to formulate effective and supportive policies that can accomplish the intended outcomes.
Introduction
We are using agent-oriented models from software engineering (AOSE) differently from goal models in the past. In former projects we have used the AOSE models for eliciting socially-oriented requirements and associated qualities specifically for the development of socio-technical systems [1, 20] . We concluded that high-level goal models are well suited as an initial basis for shared understanding independent from a specific implementation. These models represent the important characteristics of a domain. This can be really useful when we try to get a handle on very complex topics, as agent models help people to think and to focus on relevant aspects. When making policies many stakeholders should be engaged to come up with processes that provide useful guidance to users. Note also that we are not developing the models with an insistence that the implemented system be agent-based, which is the case with methodologies such as Prometheus [16] .
One area we have investigated is policy making within eResearch, particularly with respect to research data management. The Australian Research Council has placed a demand on researchers to keep data from funded research for seven years. Universities and governments have an increasing need to act in a compliant way to these demands. Typically, policy documents and processes to ensure such behaviour from researchers are hard to understand, not embedded in existing practise and often very confusing for the reader. An example of an institution grappling with the issues of useful data management is the Australian Government creating a national data repository with the aim to provide services that enable the re-use of data (http://www.ands.org.au/). We suggest that AOSE models can help to involve multiple stakeholders in developing relevant goals for data management policy that are connected to how people are actually conducting research.
Here, we are interested in high-level goals for policy making that are independent from specific technical solutions. We aim to direct the focus on relevant outcomes and necessary activities to achieve these outcomes before we think about technical solutions that might support these kinds of outcomes. For example, in an intergenerational relationship maintained over distance, goals such as playing and gifting and associated qualities goals such as showing presence and share fun are high-level goals. There are still many ways as to how this can be supported, but the social relationship stands at the centre and plays a crucial part that is independent of the technologies implemented [e.g . 17] . Our credo is that when we want to influence people to show desirable behaviour we have to understand what is truly relevant for these people within the respective domain and make suggestions for regulations from there.
Agent-oriented models are suitable for modelling the social domain because they represent the goals and motivations of roles and individuals, and quality goals can be used to discuss high-level outcomes relevant for policy making such as providing data access or saving water. Furthermore, the domains we investigate are truly sociotechnical, and agent models allow us to represent human behaviour as well as software system behaviour. Our process leads to the development of high-level quality goals that are shared by everyone, but can be substantiated and adapted for an individual context in a meaningful way.
We use the construct of quality goals attached to functional goals as a way of representing quality attributes of socio-technical systems. Quality goals are essentially non-functional and are designed to encapsulate aspects of the context into discussions. Garcia and Medinilla [6] describe high-level quality goals as a specific form of uncertainty that can be used as a descriptive complexity reduction mechanism and to model and discuss uncertainties in the environment. High-level goals associated with activities can act as a point of reference for discussing the usefulness of alternative activities to achieve these goals. Instead of using the agent-based models in requirements elicitation for the development of a system we use them as shared artefacts for discussion [15] in the process of developing a shared understanding that can be used for policy formulation and implementation. The first step to a shared understanding is to externalise ideas for discussion in an easy to read representation. The multi-agent paradigm offers benefits over other paradigms because the concepts used in modelling, such as roles, goals, and interactions, are part of everyday language and make it accessible for different stakeholders [18] .
Here, we give two examples in which on the one hand policy making plays a major role as a larger institution or government has the need to reach certain predictable outcomes, but on the other hand relations are complex and the individuals being expected to follow these policies are in very different situations. Therefore, people need clear guidance and a good understanding of these relations in order to be motivated to follow policies. The first example presented here is from policy making in data management and the second example is to encourage sustainable behaviour at home to fulfil long-term environmental goals. Before these examples are described we provide the foundations of our approach and important definitions.
An agent-Based Process of Policy Formulation
Our process builds on the work of Sterling and Taveter [20] . Their work has focused on how to make high-level AOSE models palatable in design discussions. They define goal and role models that build part of a motivation layer. An agent is actively situated in an environment and is assumed as being purposeful in this environment. The models of goals and roles refer to knowledge about the problem domain. At the motivation layer, such knowledge is represented as a set of domain entities and relationships between them. A goal can be defined as "a situation description that refers to the intended state of the environment" (p. 30). Goals are based on motives and can have sub-goals. A quality goal is a non-functional or quality requirement of a socio-technical system.
We aim to come up with a process that helps us to find out how conversations and policy making supported by agent-based diagrams is done best to involve multiple stakeholders e.g. the brainstorming of goals, roles and activities to develop a shared understanding. In this regard, we want to learn more about a repeatable process and not only the outcome. Here, we propose to use motivational models, roles and responsibilities as an easy way to represent the complex relations that are subject of regulations and long-term goals for larger communities such as researchers or citizens. AOSE models are very suitable as they
• are a good way to represent complex topics on a role and goal diagram level,
• provide a good overview which people (should) have which roles, behaviour, and attitudes depending on their current situation, • help us to find out what we need to focus on when discussing complex topics such as sustainability. We suggest several levels for using agent-based diagrams. Some of them are more general (level one and level two) and some are project specific (level three and level four). Starting with general high-level goals helps us to focus on the motivations for different roles. From there we can narrow our attention to the specific context of individuals such as families aiming for a more sustainable life or researchers with a certain research project.
The different levels or steps include: 1) High-level motivational goal model (goals, quality goals and roles) 2) More detailed roles described with responsibilities and constraints 3) Agent types for a specific area describing actual activities in more detail 4) Activity plan for specific policy, regulations or guidelines The next sections describe and define the different levels and the procedure of using agent-based models in more detail.
High-Level Goals and Quality Goals
Our starting point is a simple model of motivations of a socio-technical system including goals and quality goals. By capturing and representing quality goals in AOSE models we make a commitment to important aspects of socio-technical systems. By externalizing them in a simple format the models become shared artifacts [15] that are able to sustain multiple interpretations across disciplines. Quality goals allow a focus on understanding the reasons why people do things, or the essence of an attitude rather than describing a concrete action. In doing so, quality goals capture something that is more dynamic and fluid than other mechanisms found in usual software engineering practices. Non-functional goals usually do not have a direct relationship with functional goals [2] . In our approach there is a direct pairing between system goals and quality goals. Relating an abstract and unresolved quality attribute to a system goal enables a focus on social goals within the process of policy making.
In order to create shared AOSE models we use a straightforward syntax and semantics. Goal models are useful at early stages of requirements analysis to arrive at a shared understanding [7, 12, 13] ; and the agent metaphor is useful as it is able to represent the concepts that we want to capture for socio-technical systems, such as agents taking on roles associated with goals. These goals include quality attributes that are represented in a high-level pictorial view used to inform and gather input from stakeholders. In Sterling and Taveter's notation [20] , goals are represented as parallelograms, quality goals are clouds, and roles are stick figures. These constructs can be connected using arcs, which indicate relationships between them (see Figure  1 ).
Roles with Responsibilities and Constraints
Sterling and Taveter [20] define a role as some capacity or position that facilitates the system to achieve its goals. In their view, roles express functions, expectations and obligations of agents enacting them. They encompass these senses in the term responsibilities, which determine what an agent or set of agents enacting the role must do in order for a set of goals and quality goals to be achieved. In addition, a role may also have some constraints specifying conditions that the role must take into consideration when performing its responsibilities.
Agents and Activities
An agent is an entity that can act in the environment, perceive events, and reason. Reasoning means drawing inferences appropriate to the situation. Events that an agent perceives are caused by agents or other entities in the environment. Conversely, through acting, agents can affect entities in the environment. Agents can be humans as well as specialised hardware or software such as sensors. We are now describing two examples.
Example (1) Data Management Policy
Data management is a socio-technical problem that we want to tackle with the help of the AOSE models to support policy making at universities. Motivational diagrams from AOSE are a good way to represent the challenges of data management because they provide a good overview which people have which roles. We conducted four rounds discussions of the models with different stakeholders involved with data management at two different universities; two discussions with people from the IT department who are building the infrastructure for long-term data storage, and two with librarians who are in the process of coming up with a data management policy at another university. Each discussion took approximately two hours. We had two aims for these discussions:
• Firstly, how does the data workflow of a project look like when using an agent-oriented view on data management? This also raised questions of what to do in specific project situations (e.g. the main researcher leaves after a year, one collaborating researcher is in another country, who has the responsibility for secure data storage?).
• Secondly, what is the actual process? What are we doing with 30 GB of mixed project data and is a policy able to support this process? We have developed agent-oriented models, described in the following sections.
Challenges for Research Data Management
There are policies in place that regulate the correct handling of research data during and after a research project has finished. These policies often do not consider the individual situation of the researcher or provide the necessary infrastructure to be able to behave according to the policy. Questions that arise for researchers during or after the project work are: Where can I store a large amount of data? Who is responsible for it when the main researcher has left the institution? How can older data be retrieved and who is allowed to access them? Whom am I allowed to share data with? These and many other practical questions arise. It becomes even more complex when the national research council is interested in granting access to former data to researchers nationwide as links between grants & data and publications & grants are needed.
The motivation models were created based on the experience of a team of researchers with research projects and with one specific research project used as a case study. The project involved the following kind of data: fieldwork notes (handwritten and digital), interview data (MP3s), observations of humans, designed objects (diaries), photographs (digital) and other images (non-digital), analysis and coding of texts, case studies, software and code, audio and video recordings, and consent documents with signatures. All together the data that needed to be managed were 30 GB and were collected over a period of four years. Additionally, data files are in different formats and there are multiple digital files, organised into a folder structure that must be retained.
In an iterative process the models were discussed with stakeholders currently involved in data management and the creation of data management policies. After every discussion the models were updated. Figure 1 and figure 2 and show the version after the first two discussions with the system supporters from the first university. These figures represent level one and level two described in section 2.
High-Level Motivation Model
High-level goals for conducting research are collecting data, analysing data, managing data and writing data (figure 1). It is important to include, for example, the data collection as this has a major impact on what kind of data and data formats need to be managed later on. The quality goals provide information about the attributes of the research data. For example it is crucial that during the whole process of dealing with the research data, they are handled in a secure manner as it might be sensitive data and participants should not be recognisable. Besides the researcher, the system supporter and the librarian will handle the data. The librarians we spoke to put a high emphasis on the quality attribute insightful and accurate. From their experience they know that it is merely useful to store data when these can be retrieved and sighted in an easy manner by a person interested in the data. The system supporter is responsible for providing access rights that are in accordance with ethics and the sensitivity of the data.
Responsibilities and Constraints
Level 2 (figure2) looks in more detail in the different roles, their responsibilities and constraints when specifically managing data.
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Responsibilities and constraints for different roles.
Agent-Based Activities
This level (table 1) describes in more detail the agent-based activities for the different roles. The role of the researcher is further detailed in more specific agent-types such as research fellow, student researcher, chief investigator and collaborator. 
Specific Data Management of one Project
After two discussions with the IT system supporters, we were able to agree on the data management structure for our specific project. This project served as an example for data management of all research projects implemented at the university. This structure includes a workspace to keep data of 30 GB for data storage and data access. Data can be pre-structured according to needs and the researcher is able to upload the data to a central server where she can access it herself, as well as manage access for international collaboration needs. This part of the structure is in place and has already been provided before the research project had finished. The data management structure will be extended to more permanently store data, enable the creation of data permalinks and association with relevant software as well as links to non-digital data (consent forms, etc.). The extended structure will provide fine grain control over private access, public availability, anonymisation of data, and security. The AOSE models helped to discuss this structure and focus on the most relevant needs for data management of our project.
Feedback and Evaluation
We used the models for discussion in another university so as to receive feedback and evaluate the models regarding their generalisability for the purpose of data management at different universities. This time our discussion partners were librarians with the task of coming up with a data management policy. Similar to when we were discussing the models with system supporters before, we were interested if our high-level models in particular are able to reflect the goals the librarians had in mind for creating a data management policy. After two more rounds of discussions we only made slight changes to our high level goal model and to the responsibilities of the role of a librarian. The librarians saw a clear distinction in making decisions about, for example, deleting data and creating links between data and implementing these changes in a technical system. Therefore, we added these aspects of decision making to the responsibilities and agent activities. Another aspect that was very important to the librarians was that researchers could provide them in an efficient way with the information about the data to be managed in order to save time. This includes to prepopulate forms with researcher's details and only to ask relevant questions tailored to the first entries of an online form for capturing research data. At the moment the librarians take a lot of time to retrieve information -up to one hour interviews with researchers are needed to structure the data in a suitable manner. Therefore we added efficient as a quality goal. A further problem in capturing the research data is that there are research areas that are so specific that it is hard to articulate even the right questions to get a suitable data structure implemented. In these research areas the librarians depend on close collaborations with researchers. They need to be provided with the right keywords so that data can be recorded and retrieved later in a useful manner. Interestingly the librarians also spoke about a needed shift in the perception of relevance of data management. If easy retrievable data was something that could add to the prestige of a university and their researchers then it would be more valued and the attitude towards data management would change. Research prestige as a consequence of carefully conducted data management is a really important outcome that also was then captured as quality in the goal model (prestigious) in the high-level goal model. The AOSE models helped us to ask the right kind of questions when talking to different stakeholders such as who owns the data?; who is responsible for following the policies?; What is a self-contained data set? And Who is maintaining the data (e.g. software updates). The models also helped to focus on relevant goals and their associated qualities. The different models enabled us to add new information -depending on its level of detail -to activities, responsibilities, high-level goal or associated quality. Additionally the models helped to uncover new goals directly relevant to policy formulation for data management.
The discussion around the models made it possible to find the natural points in the researchers' workflow or the life of a project for the formulation and implementation of data management policies. That means that the researchers do not feel that additional organisational work is created, but that they can already profit during the research project from the provided data management structure and storage provision. One important metaphor that came up during one of the discussions was: How do you get people to wear a lab coat? -You do not place the hook for it at the exit.
Example (2) Sustainable Households
Challenges for Guidelines on Sustainable Domestic Behaviour
The whole area of sustainability is even more abstract and complex than the previous example on data management. How does a family motivated to live a sustainable lifestyle know what kind of sustainable behaviour realistically can be expected from them as part of a wider community? And on the other hand, how can a government that is interested in citizens behaving sustainably [3, 21] educate and encourage the right activities? One approach to support people in behaving sustainably is to showcase increasingly available applications and devices for e.g. monitoring energy consumption [4, 5, 11] . These only help when people understand what they are aiming for, have the right infrastructure in place and get more individualised feedback [8] . In addition, monitors measure against a statistical average and people that are below this average often feel encouraged to use the resources that "they are entitled to" [4] . Competitiveness can lead to saving of resources, but the question is if people are not more successful if the main goal is living sustainably instead of comparing oneself to one's neighbour. There is also a plethora of publications for environmentally friendly behaviour available for families. Most of these publications explain the need for sustainable behaviour and give concrete advice how to save, for example, energy and water at home. While all of this advice is useful and successful to some extent, it does not take into account the individual situation of different households, the climate, and personal preferences. Motivations for sustainable behaviour of people vary. Therefore, it is difficult for the individual to decide which actions are effective. When dealing with a complex area such as sustainability we would like concrete and simple advice. Yet, if the advice is too simplified it lacks relevance for the single household and its specific socio-economic situation. Reasons that make the domain for sustainable behaviour so challenging are that:
• it is a very complex topic (e.g., "what is truly green energy?" ),
• it is a value loaded topic ("if you don't do this you don't care about…"),
• the topic includes many perspectives and sometimes controversial advice,
• results are hardly visible and in the overall context only a minimal contribution to a large goal, • there is a complex relation between water, food, energy and waste, • it is a very popular topic and there is a danger of people "getting over it".
Consequently we need to
• give good examples and explanations,
• allow a range of opinions and approaches, • define the right or overarching goals,
• set small personal milestones,
• look at different aspects of sustainability and how they relate to each other ,
• work against inertia and the feeling of helplessness.
Other specifics we have to consider when we focus within the large topic of sustainability on utility use in the home: firstly, set targets have to be supported by all people living in one home. Secondly there is a different level of insight into the topic (e.g. children might not understand the need straight away). Finally, non-home owners are not able to make certain decisions on sustainability. This means we have to consider several stakeholders within one home.
Again we see a role for the AOSE models in mapping the roles and responsibilities to overcome some of these challenges. The diagrams presented in the following sections show the different levels of abstraction: the first two diagrams are specific to sustainability -here we aim to keep a light touch and stick to more general descriptions valid for all homes. The two last levels are specific to one area/utility. The models are translated into specific activities and a management plan for family homes with specific characteristics.
The models in this second example are based on a body of literature on sustainability accessible to the general public in libraries and analysed by the authors using content analysis techniques. The models were created as a condensed version of the main and overlapping advice found in this literature -some of them containing 101 tips for sustainable living [e.g. 9, 10]. These tips differ largely in their effectiveness and their costs. For example, one book on water management advised on the same page "to cook vegetables in the microwave to save water" and "installing a rain water tank" for the same purpose [10] . If the high-level goal is save water then the latter advice is certainly more efficient unless it never rains in the region the rain water tank was installed. We suggest using the models for teaching people how to accomplish best high-level goals in utility management at home in accordance with the individual living situation. Figure 3 shows the high-level goal model for sustainable utility management at home. Again the model consists of goals, quality goals and roles. In this example the quality goals take into consideration that while people want to live sustainable they are often not able enough time and money on it (manageable). The quality aspect innovative encourages people to look actively for the latest solution and to keep up-to-date with sustainable developments. The different roles decision maker and habitant take into account that not every habitant in a home can make decisions on sustainability (e.g. children and people renting). The rule maker is an official body such as the city council or the regional government making rules on e.g. garden watering or recycling. This motivation model breaks down the high-level goals into sub-goals. Here we show the sub-goals for manage energy and manage waste ( figure 4 and figure 5 ). The advantage of using a hierarchy of goal models is that no single model contains too much information. The high-level goals describe general activities such as turn off and insulate, that people can think through for their specific situation at home. 
High-level motivation model
Manage Energy
Responsibilities and constraints
Agent-based activities for energy management
Specific agent types and actual activities for energy management are shown in table 2. 
Specific Energy Management Plan for One Household
Here we describe briefly the specific energy management plan for one household that is located in rather hot climate, is built with a lot of open areas, and has single pane windows. This energy management plan is based on the high-level goal model from figure 4 .
• Switch to hot water system with solar gas boost (eligible for governmental rebates) • Secondary glazing on windows for insulation • Draft proofing (windows, doors, seal garage/office, self-sealing exhaust fans) • Compartmentalize rooms so heating/cooling is minimized (retrofit zoning on gas heating) • Switch devices off during night (stand-by), when not used (computer, lights) • Use winter/summer settings on fans (pushing air up or down depending on desired effect and temperature).
Conclusions
The role of the goal models is not simply the typical formal process of modelling to lead to the development of a system as in the traditional domain of software engineering. For us, they have become a way to think through problems, and to reach agreements. However, a body of literature that looks at software engineering from a social science perspective recognises that models and other documentation in software engineering have been used for a long time as a way to think through problems, to reach agreements, and to elaborate the needs of stakeholders in a different way than simply feeding into a formal process of modelling for system design [14, 19] . In this sense it is not completely novel to use models as tools that are not directly connected to the development of a system. We use AOSE models to facilitate discussions around complex socio-technical systems. Agent-based models can play an important role in the process of policy making and implementation. The models helped us in discussions with externalising and making explicit the perspectives of different stakeholders on data management. In particular the quality goals helped to explore different perspectives in a distinguishable manner.
Sustainability is the result of different behaviours based on multiple perspectives, varying sometimes contradictive knowledge and social values that needs to find a balance. In short, it is very complex and even though a lot of people aim for a more sustainable lifestyle it is difficult for them to find the more efficient and cheapest way to do so. Our discussions demonstrate that the AOSE models are easier to read than process descriptions and focus better on relevant aspects. The high-level goal model needs to be consistent with the actual activities to ensure desirable outcomes. We are aiming for a match between the goal models and peoples' behaviour. Our discussions helped us to include every stakeholder's perspective and include this perspective into the description of responsibilities and constraints. We also include qualities such as affordability (that is how manageable can be interpreted) of environmentally friendly solutions that is crucial for families but often not directly linked to the discussion of sustainability. This gives us a more realistic account if people can and will adapt their behaviour to live more environmentally friendly.
What is missing is a way to determine the value of the modelling activities and their results. We have presented the models for sustainability to educators and plan to embed our modelling approach in educational material on sustainability. Agent-based models are promising to serve in policy making as boundary objects and provide a view on people's behaviour. They can facilitate open conversations in dealing with complexity. While we see a need to evaluate the impact of the agent-based models we also see a danger in formalising the approach too much as an element of the engineering process and lose its flexibility.
